Abstract Red blood cell alloimmunization is a common complication among the transfusion recipients. In Malaysia, multiple ethnicity causes genetic heterogeneity among the population which in turn can cause a wide variation of antibody. The objective of this study was to analyse the red cell alloantibody detected during the pre-transfusion testing. This was a cross-sectional study done in the blood bank of Universiti Kebangsaan Malaysia Medical Centre during the period of January-December 2010. The data was retrieved from the hospital laboratory information system. A total of 24,263 patients' blood samples were subjected for pre-transfusion testing. Antibody screening was done using an indirect antiglobulin test method. The positive samples were further identified for antibody specificity. Antibody screening tests were positive in 184 patients out of 24,263 samples with the incidence of 0.76 %. Autoantibodies and alloantibodies were detected in 39/184 (21.2 %) and 140/184 (76.1 %) of the patients respectively. In five patients (2.7 %) the antibody specificity remained undetermined. Total 161 alloantibodies were identified. The suspected Anti-Mia alloantibody was observed most frequently (49/161, 30.4 %) followed by anti-E (30/161, 18.6 %) and anti-D (22/161, 13.7 %). Anti-E and anti-c were the most common combination of multiple alloantibodies. In view of the high incidence of suspected Anti-Mia antibodies, more efforts are needed to look into the techniques for confirmation of the Anti-Mia antibodies. Besides that, we suggested that all multiply transfused patients should be phenotyped for the Rh system and to supply Rh phenotype specific blood in order to limit alloimmunization.
Introduction
Red blood cell alloimmunization is a common complication among the transfusion recipients [1] . Immune response due to genetic difference between the blood donor and the recipient induces the formation of alloantibody. The other factors that influence alloantibody formation are the recipient's immune status as well as the dose, route of administration and the immunogenicity of the antigen [2] [3] [4] . The rate of RBC alloimmunization has been reported in the range of 5-30 % among the multiply transfused patients [5] [6] [7] . This red cell alloimmunization may lead to difficulty in finding compatible blood for transfusion or even can cause severe haemolytic transfusion reaction if the antibody titre remain weak, undetected or missed during pre-transfusion compatibility testing [8, 9] .
Autoantibodies are directed against a patient's self antigen and presence of autoantibodies may mask the coexisting alloantibodies. In addition, autoantibodies can be associated with clinically significant warm autoimmune haemolytic anaemia [10] .
Therefore, routine pre-transfusion testing is one of the important safety measures to detect the unexpected red cell antibody in the patient's serum to prevent the immediate and delayed haemolytic transfusion reaction [11] . Rh and Kell antibodies are most frequently found in alloimmunized patients in Western Europe and United States [12] .
In Malaysia, multiple ethnicity of the population has caused genetic heterogeneity among the population which in turn led to a wide variation of antibody specificity among the population. The objective of this study was to analyse the frequency and specificity of the red cell antibody detected during the pre-transfusion testing among the transfusion recipients of Universiti Kebangsaan Malaysia Medical Centre (UKMMC).
Materials and Methods
This cross-sectional study was done in the Blood Bank Unit of UKM Medical Center by retrieving the data from the hospital laboratory information system as well as the hard copies of the pre-transfusion testing results performed from January 2010 to December 2010. We examined all patients with newly detected RBC antibodies. During this period, a total of 24,263 patients' blood samples were subjected for pre-transfusion testing. The pre-transfusion testing were done following the American Association of Blood Bank standard which consists of identification of the recipient and blood specimen collected, ABO and Rh D typing, antibody screening, antibody identification and comparison of the previous record and current results of the recipient, confirmation of the ABO and Rh D typing of the red cell components, selection of blood components of appropriate ABO and Rh D types and performing the crossmatching and labeling of the product with the recipients identifying information [13] . The antibody screening and crossmatching were done by indirect antiglobulin test, performed by gel agglutination technique using Diamed gel cards. For antibody screening, 3-cell screening panels (Diamed ID-Dia cell) were used. The positive results were then further identified for antibody specificity by the Diamed ID-Dia Panel (11 cell panel), including the use of enzyme treated cells (papain) at 37°C and AHG phase.
For those 57 cases that were positive for the Mia antigen positive cell in the Diamed ID-Dia 3-cell screening panels, but negative for the Diamed ID-Dia 11-cells identification panel, the cases were subjected to further antibody identification using the CSL antibody identification panels which consist of cells positive for MUT and Mur antigens. The antibody was labeled as suspected Anti-Mia only if the antibody identification using the CSL panel cells showed negative results.
In some cases, tests were performed at 4 and 22°C in suspected cold antibody cases depending on clinical information and other laboratory findings. Direct Coombs' test was performed using polyspecific AHG on the patient's red cell followed by monospecific test in the positive cases. Elution and adsorption methods were commenced in patients with suspected autoatibodies to specify the autoantibody and to look for possible underlying alloantibody specificity.
For any unresolved antibody and also all the cases of suspected Anti-Mia antibody, the samples were also sent to the reference laboratory at National Blood Centre for further identification.
We analysed all the red cell antibodies and calculated the incidence of clinically significant red cell alloantibodies.
Results
During the study period, a total of 184 patients were presented with 206 irregular antibodies out of total 24,263 patients' samples with the incidence of 0.76 %. Table 1 describes the different types of the unexpected antibody among the 184 patients. Direct Coombs' test was positive in 39/184 (21.2 %) of the patients, auto IgG and cold agglutinin were identified either alone or in combination were seen in 37/184 (20.1 %),. Red cell alloantibodies were detected in 140/184 (76.1 %) of the patients and a combination of auto and alloantibodies were identified in 2/184(1.1 %) patients. The total numbers of autoantibodies and alloantibodies identified from these 184 patients were 40 and 161 respectively. In five patients, their antibodies remained undetermined (2.7 %) where no specificity was identified. Table 2 describes the specificity of the unexpected antibody among the 184 patients. 165 patients (89.7 %) had developed single red cell antibody, 16 patients (8.7 %) had a mixture of two antibodies and three patients (1.6 %) had three antibodies. Among the single red cell antibodies identified, Anti-Mia was the most common alloantibody detected (48/165, 29.1 %) followed by anti-D (21/165, 12.8 %) and anti-E (19/165, 11.5 %). By using the CSL antibody identification panel, we have identified 7/165 (4.2 %) of anti-MUT and 1/165 (0.6 %) of anti-Mur. Anti-P1 (6/165, 3.6 %) was the most common cold alloantibody identified followed by anti-M (3/165, 1.8 %). Of the multiple antibodies detected, anti-E and anti-c were the most common combination found. Among the autoantibodies detected, warm reactive auto IgG antibodies (15.2 %) were most common followed by cold agglutinins (6.5 %). Majority of the autoantibodies detected were single antibody except for one case where auto IgG and cold agglutinin were detected and in another two cases, auto IgG and allo anti-E antibody were identified. Table 3 is showing the specificities of the alloantibodies in 140 patients and there relationship with blood transfusion. For those patients with single alloantibody, the suspected Anti-Mia alloantibody was the most frequently identified (48/140, 34.3 %) followed by anti-D (21/140, 15 %) and anti-E (19/140, 13.6 %). The confirmed anti-MUT and anti-Mur constituted 5 % and 0.7 % of the single alloantibodies identified. The other clinically significant alloantibodies were listed in Table 3 . As for the multiple alloantibodies cases, 13 patients were identified with two alloantibodies and 3 patients with 3 alloantibodies. Combination of anti-E and anti-c was the most frequent multiple alloantibodies identified with 5.0 % followed by anti-Le a and anti-Le b of 1.4 %. Of these 140 patients, 68 (48.6 %) have previous histories of blood transfusion, 56 (40.0 %) without history of transfusion and no information available for the remaining 16 (11.4 %). As for the patients without the history of transfusion, 48 (34.3 %) are female patients.
Discussion
This cross-sectional study was undertaken to determine the prevalence and specificity of RBC alloantibodies among the transfusion recipients of UKMMC. Alloantibodies arise in the patient's blood after exposure to foreign red cells by pregnancy, transfusion or transplantation. Red cell alloantibody formation complicates the transfusion therapy in which corresponding antigen negative matched blood is required for safer transfusion. Sometimes these alloantibodies may become undetectable over time and endanger the future transfusion in which these patients can develop delayed haemolytic transfusion reaction due to anamnestic antibody production after blood transfusion. [3, 8] .
Here the positive antibody screening results were found in 0.76 % (184/24,263) of pre-transfusion samples. Previous study in Malaysia by Nadarajan et al. showed that the incidence of antibody screening positive cases was 1.4 % of pre-transfusion samples [14] . In their study, 1,297 antibody positive screening results were detected out of 89,629 pre-transfusion samples. Our study findings are relatively low. Comparatively smaller sample size could be the reason for this low frequency. The antibody prevalence rate is variable among different population. It is approximately 0.8 % in the blood donors and 1-2 % in hospital based patients [15] . In this study, single alloantibody was found most frequently. The Anti-Mia has been observed with the greatest frequency (48/165, 29.1 %) among these alloantibodies. Recent study in Taiwan also showed similar result where Anti-Mia was the most frequently occurring alloantibody [9] . In Caucasians, this phenotype is very rare with the incidence of less than 0.01 % [16] but the incidence ranging from 2 to 88 % in East Asian populations [17] . Prathiba et al. [18] showed that Anti-Mia antibodies were the third most commonly occurring antibody detected in general and antenatal patients in Malaysia. They have identified 77 Anti-Mia antibodies out of 33,716 specimens. The significance of Anti-Mia could not be underestimated as there have been reports of clinically significant Haemolytic Transfusion Reaction and Haemolytic Disease of Foetus and Newborn by IgG class antibodies against these vMNS antigens [19, 20] . All these studies insisted the necessity of proper detection of vMNS antibody in the antenatal cases or during pre-transfusion testing.
The second most common alloantibody detected in this study was anti-E and this result is consistent with other studies. Study in Eastern Taiwan and Greece showed that anti-E was the second most common alloantibody [9, 21] . In Malaysia, study by Nadarajan et al. and Haslina MNN et al. also showed similar findings [14, 22] .
Total of 19 patients were identified as having a multiple antibodies including 16 patients with a mixture of two antibodies and 3 patients with three antibodies. Anti-E and anti-c were found to be the most common combination of multiple alloantibodies. This result is similar to the results of other studies [9, 23, 24] . It was reported that in alloimmunized patients, the probability of additional antibody formation increases approximately three fold [25] . This report alerts us that the multiply transfused patients with single alloantibody are at risk of developing multiple alloantibodies in further course of time.
When we investigated the relationship between transfusion and the alloimmunization, we found that 68 (48.6 %) patients out of 140 have previous history of transfusion of one or more units of red cell which most likely be the cause of the red cell alloimmunization. In 56 patients (40 %), there were no previous history of transfusion, however, 48 of these patients (34.3 %) are females whom might have been sensitized during the pregnancies, and the remaining 16 patients(11.4 %), the history of transfusion were not known. Tormey CA et al. [15] showed that the frequency of alloantibody is higher among the transfusion recipients of one or more units of red cell transfusion, approximately 2-9 % forms new alloantibody. The highest alloimmunization rate is approximately 9-30 % which is among the patients receiving chronic transfusion therapy such as thalassaemia patients, haematological malignancy patients or sickle cell anaemia patients. Haslina MNN [22] showed that the rate of alloimmunization among the Malay thalassaemia patients were 8.6 % while in Iran it was documented as 5.7 % and in Taiwan it was as high as 37 % [7] . Heterogeneity among the population and sensitivity of the test method can cause a variation of alloimmunization rate.
Schonewille H [23] suggested in a previous study to match the red cell phenotype other than ABO and D (e.g C, E, c and K) among the transfusion dependent patients in an attempt to prevent alloimmunization. However, the cost effectiveness of this red cell phenotype and the doubt whether this truly adds benefit to the patient made this policy a matter of debate. One study by Singer et al. stated that patients who received blood matched for Rhesus and Kell system from their first transfusion, have relatively lower rate of alloimmunizaton among them [2] . In western countries, 10 % of Caucasian population has K antigen which causes Kell antibodies as a frequently detected antibodies besides Rh antibodies [26] . So, the strategy to match Rh and Kell system could be effective for them. It is reported that in East Asian countries, more than 99 % populations are Kell negative [27] . Hence, the chance of formation of this antibody is very low in Malaysia. Our study also did not detect any anti-K antibody which is consistent with this report. So Kell antigen matching will not be cost-effective here. Due to greater prevalence of anti-E, we would like to suggest to phenotype those multiply transfused patients for Rh phenotype and transfuse them with blood matched with the Rh system in addition to ABO and D antigen.
Frequency of anti-D detected in our study was 13.7 % (22/161) and all of them are female patients. Most of the anti-D (n = 20) detected were due to passive immunization by anti-D prophylaxis given routinely during antenatal period to Rh D negative mothers. Only two patients detected to have alloanti-D. In Malaysia, it is a standard practice to phenotype the Rhesus system and supply phenotype compatible RBC for Rh D negative patients, so anti-D formation as a consequence of blood transfusion is rare. For pregnant women, anti-D immunoglobulin prophylaxis is routinely given at antenatal and at postnatal period. All these factors have caused the decline in alloanti-D formation in our population. However, antenatal anti-D prophylaxis has led to increase in positive antibody screening tests and without detailed information provided by the clinicians, this has led to more work load and delay in blood supply for the patients.
The least common clinically significant alloantibody detected in our study was anti-Jk b , anti-Fy b , anti-C, and anti-e. The specificity of the cold antibodies detected was against antigens P1, Lewis, MN blood group system.
Conclusion
This study demonstrated that suspected Anti-Mia was the most frequently detected alloantibody followed by anti-E, anti-D, anti-Jk a and anti-c antibody among the transfusion recipients in UKMMC. In view of the high incidence of detecting these suspected Anti-Mia antibodies, more efforts are needed to look into developing the simple methods for confirmation of anti-vMNS antibodies as well as to phenotype the vMNS antigen. Furthermore, we would like to recommend that all multiply transfused patients must be phenotyped for the Rh system and be supplied with Rh phenotype specific blood for transfusion in order to limit the Rhesus system alloimmunization.
